Cultivation-independent analysis of 16S rRNA gene sequences in vaginal samples revealed two previously unrecognized, uncultivated Megasphaera-like phylotypes. Phylogenetic analysis and environmental distribution suggest that these Megasphaera types may be unique to the vaginal environment. Quantitative PCR suggests that both phylotypes are present in higher concentrations in women with bacterial vaginosis.
ACGGATGCCAACAGTATCCGTCCG3Ј and 5ЈAAGTTCG ACAGTTTCCGTCCCCTC3Ј; the primers for type 2 are 5ЈC GGCAAGGTGGTAAATAGCCATCA3Ј and 5ЈACTCAAGT CTTCCAGTTTCGGTCC3Ј. Cross-reactivity between Megasphaera type 1 and 2 assays was tested using plasmid clones from our vaginal PCR survey (14) , and results were negative. Total bacterial 16S rRNA gene concentration was measured in vaginal DNA specimens as previously described (3) using the primer sequences 5ЈCCTACGGGAGGCAGCAG3Ј and 5ЈATTACC GCGGCTGCTGGC3Ј. In our analyses, the sensitivity of this assay was limited to 10 4 templates per qRT-PCR. All assays were performed on an iCycler (Bio-Rad, Hercules, CA) using iQ-SYBR green PCR supermix (Bio-Rad) with 10 ng of vaginal template DNA and a 0.5 M final concentration of each primer. Temperature cycling for all assays was 95°C for 2.5 min, followed by 40 cycles at 95°C for 30 s, 64°C for 30 s, and 72°C for 30 s; annealing was 65°C for the total bacterial assay. Cloned Megasphaera type 1 and 2 16S rRNA genes from vaginal clone libraries (10) were used to generate 10-fold serial dilutions for standard curves. Threshold cycles from standard curves were used to calculate the number of Megasphaera type 1 and 2 16S rRNA gene sequences in vaginal DNA specimens (8) . All qRT-PCR products were visualized in ethidium bromide-stained agarose gels and sequenced to confirm specificity (Davis Sequencing, Inc., Davis, CA).
A dendrogram illustrating the relationship between vaginal Megasphaera phylotypes and Megasphaera spp. from other environments was created using 28 nearly full-length (ϳ1,390-nt) Megasphaera sequences from studies of gut, oral, vaginal, and other environments. Some shorter Megasphaera type 1 and 2 (ϳ900-nt) sequences were added to the tree to document the origin of all members of the two vaginal phylotypes. Sequences were obtained from the Ribosomal Database Project (15) and from GenBank. Sequences were aligned using ClustalW (5). Alignments were checked and adjusted using Jalview (6) . A Dialister pneumosintes sequence was used as an outgroup (16) . The tree was constructed using the neighbor-joining method (19) with the Jukes-Cantor model implemented in the PAUP software (26) . Bootstrap analysis (100 replicates) was performed to test the significance of the nodes.
Statistical calculations were performed using GraphPad Prism version 5.0 for Windows (GraphPad Software, San Diego, CA). Differences in the qRT-PCR values obtained for Megasphaera types 1 and 2 across patient groups defined by Nugent scores were evaluated by Student's t test analysis. The significance of the association between patient groups (BV and normal) and presence of Megasphaera types 1 and 2 was measured by Fisher's exact test. Statistical significance was set at an ␣ value of Յ0.05, and all tests were two-sided.
The dendrogram shows that Megasphaera type 1 and 2 sequences form two well-supported clades (Fig. 1) . No sequences in these clades originate from oral, gut, rumen, or other environments, suggesting that Megasphaera type 1 and 2 organisms may be uniquely adapted to the genitourinary environment. Megasphaera sequences within the type 1 clade share a high degree of similarity (98 to 99%) with each other, as do those within the type 2 clade (98 to 99%). Sequences within the type 1 and 2 clades share 95 to 96% similarity with those of their nearest relatives. This suggests that phylotypes 1 and 2 likely represent new species (23) .
Measurements of Megasphaera type 1 and type 2 and total bacterial 16S rRNA gene concentrations in vaginal specimens of 41 patients are shown in Fig. 2 . Vaginal specimens are arranged according to increasing Nugent score. Megasphaera type 1 was more prevalent than Megasphaera type 2, as it was detected in 38 (76%) versus 22 (52%) patients, respectively (P ϭ 0.0004) ( Fig. 2A and B) . Megasphaera type 1 concentrations were dramatically higher (5 orders of magnitude) in all patients with the highest possible indication of BV (Nugent ϭ 10, Amsel ϭ 4) than in patients with the highest possible indication of normal flora (Nugent ϭ 0, Amsel ϭ 0) (P ϭ 0.0114). Meanwhile, total bacterial concentrations between these extreme patient groups differed by 2 orders of magnitude (P Յ 0.0001). Megasphaera type 1 appears to have a stronger association with BV (P ϭ 0.0072) than type 2 (P ϭ 0.0366).
The quantitative analyses in this study correlate with previous, presumably less quantitative, broad-range molecular studies in which PCR amplification of 16S rRNA genes and clone library analyses showed that Megasphaera type 1 clones were more prevalent and abundant in vaginal specimens of BV patients (11) . However, it should be noted that even though Megasphaera type 1 seems to be strongly associated with BV, it was detected in a number of women with clinically normal Nugent scores, both in this study and in PCRbased analyses of normal patients by others (12) . Thus, measurements of species abundance may provide a more informative view of the vaginal ecology. Nucleotide sequence accession numbers. GenBank accession numbers EF120358 and EF120359 were assigned to the sequences determined in this study. 
